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Hn:>KH5Ut rpAHHua 3Heprn:H: CH:cTeMhi MHornx ¢epY.HOHOB 

flpenno:>KeH MeTOD OUeHKH: CHH3Y 3Hepr'HH OCHOBHO!"O COCTOSIHH51 CHCTe

Mbi MHOrHX cflepMROHOB, KOTOpbrti: 5IBJ151eTCR CyllleCTBeHHI~T~f ynyqrneHH:ef\..1 H3-

BeCTHhJX MeTonos flocTa rr Xonna. Ero B03MO:>KHOCTH .aeMOHCTpnpvroTcSI aa 

TO'IHO peruaeMoi1: 3anaqe MHO!"HX Ten C OCIIHllllSITOpHh!M B38HMO!letfcTBPTeM. 

Pa6oTa BhrrronHP.HA B ila6opaTopHH TeopeTH'lJeCKotl rbn:3nKn OJTSHI. 
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1. B:seneHII!e 

B HacTo~ei pa6oTe paccMaTpHBaeTCR rpaHCHHUHOHHO-~HBap~aHT

Has CHCT9Ma iV T~eCTBeHHHX ®ePMHOHOB C 6HHapHHM B3aHMQ

l[eiCTBH8M 'li(i,.- ~). Ilpe,IT,7IaraeTCR ycoBepmeHCTBOBa.HHe MeTOl[a IIOJIY

~eHKH HKZHel rp~ C 3HeprHR OCHOBHOro COCTOSHBH CHCT8MU 

£. , npe,IT,7I<meHHoro /I • 21. TaM E. onpe;neJlJieTCR RaR MBHHMYM 
"'{..... "; 

W,y"HKUHOHaJia < r !lt N ;>, r;ne lt = ,?; -l;t ~ .. ~ 1 'lf0J J == ~ "· 
- MOl[eJil>HJd onepaTOp CO CBOHMH C06CTBeHHHMH W,y"H~ ~ H 

co6cT:se~ sHa~eHKHMH E.,_ ( lt '!;_ = c*' rr:, r:_ = U '!, rf.>, /. ~ =e. 'f. t.Pn) ; 
~ = ~1m - npHBel[eHHas Macca ~ac~ ;j[ = Z:- i;. 

'f{f:,_/--:, ... j;) - npo6H811 cpya~, KOTOpaH l[ODH8 6HTI> aHTHCHMMeT

pJ!liHa no IV ~aoTHI.lBM: I, 2, ••• , IV • ABTopu/I • 21 aHTHCHMMeT

PII8YDT 'f TOJIDKO no Iff ~acTJmaM: 2 , 3, ••• , N • TeM caMUM 

oHII! pacJUHpJmT KJiacc npo6HllX qiyH:KUHil H n~am' B pesyJI:&TaTe 

o~eHKY CHIIISY ,!WI E, 
2. YJlY'!IIIeHHe MeTO,!Ia Kappa H llocTa 

Hs:secTHO, ~To BCRKaSI aHTHcHMMeTpH~as qiyHKUHfl o6p8111aeTCR 

B HYJII> npH COBII8l[8HHH KOOpl[I!HaT f:: JIJD6HX ]J;ByX ~CTJm. 
~, 38BH~8H OT OTHOCHTeJil>HHX KOOpl[I!HaT fl = z. -i'; , 

;~tOJJDa, CJiel[oBaTeJIDHo, o6p8111aT:&CR B HYJID npH fi = o • Ha 
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STOM H OCHOBaHa ~eR y~eHHR OUeHKH! aHTHCHMMeTpH3YR ~ 

TonbRO no ~aCTHUaM 2,3, ... , AI , TpedoBaTb ee odpaqeHHH 

B HYJih TaKlKe rrp11 /; = o • Bap:aa.uaoHHM sa,n,a~a Tenepb BHI'-

JIJI.IO'!T TaR: 

E = tn.i,n <'flltl'f> 
} <o.tl'f)=f 

' 

'f{j:r·-,j.~.,}: =o,fi"', ,ft) = o. 

Pa3JIOllrnB npo6HYJO g)yHRUHJO no co6cTB8Hl-'.liM \WHRUHRM ?C. 
lf = -£ c.Lh Cf;_Jf, ,/:.,) 

h~f ., ) 

II~aeM CHCTeMY ypaBHeHH~ Ha K03~eHTH C~ 

- L c = tnin .:Z I C,.L I C.,.L 
n::r , " / 

Z /C.L f'-:, 1 
n:::., ,., J 

(I) 

~ ao -~ 
L c 7, (•;: ;; = 0 PN) = 0 . 
n~ f "'"" tJ(, ./ 2-' . . ' ./ ' ' .. / ./ ' (2) 

PerneHHe sTo~ BapHauHoHHo~ npo6JieMH nponeMoHcTpHpyeM Ha 

O~OMepHO~ CHCTeMe 4 ~aCTKU C OCUHJIJIJITOPHHM BSaHMOne~CTBHeM. 

Ilo XOny perneim:R CTaHeT RCHO, RaK ero MO.lKHO 0606IItHTb, 

PaCCMOTpKM IIepB~ ~eH B Cyr.!Me (2), IIOJIOUB B HeM i = :L 

J
f.(o) 'f,Co)'f._(ol) JY:rx,)'fz.(x,)) ;f.c~,)'f,(x,)l 

o/;.,_(x._=o,x,,x.) =; f,(r,;r,rr,)'f.(x,) :.f.(•J'f.<x,)'f.(x,) t )f(o) f.Cx.)'f,(x,) . 

'f.(~.> 'l',(x,) 'f.Cr,) 

HarroMHHM, ~To He~eTHHe IIOJIKHOMH 8pMHTa o6pamaDTCR B HYJih 

TipH X~O • CJie.rr;y1Cfll~dl: ~eH B (2): 

J 

'ft(x3 ) ~(x,)) 
re3 ( O, X,, X~)"" ¥.' (o} 'f, (X,) ~(X,) • 

4 

ll TaR naHee. CYMMB B (2) COCTOHT H3 BCeB03MOXHHX neTepMKHaHTOB 

BToporo nopm:uta. IlocRom.KY Bee mm JIHHeiiHo-HeSa.BHCHM!l, a pa-

BeHCTBO (2) nOJDJtHo BlffiMHRTbCR npH JIJ:J6wc 3Ha~eHWIX X J ' X y ' 

HYJKHO npeya.BHRTh HYJIIO ROaifxilimHeHTH npH RBll,ll;OM neTepMKHaHTe. 

TaK,HS yCJioBHR (2) rr~aeM 6ecROHe~ CHCTeMY JIHHemmx 

OnHOpo,rnrnx ypaBHeHD Ha C."- , ROTOprul COCTOPIT H3 OT,lleJII.HWC, He 

cBR3aHHYX ;n;pyr c ;n;pyroM, rpyrrrr ypaBHemrlt. BoT HecRMhRO nepBWC 

rpyrrrr: 

c.,._'!,_ .,. c.~., 'f., .. c ... ~ + ... ""' f., = o, 

C.o12. f. +~~,_'f., + c6f'- y:; +··· "" /... = 0' 

Cw1 f. + c_.,_ f._ + Cy" ~ +··· = /.,1 = o, 

{ C.ot3 fo + C"-13 ~ + C.,o 'f. + ·.. = ~l = o , 

c.ou. 'f .. + c..n 'f., + c.36 '1'6 + .. . = /.3 = 0 ' 

C-.,2- 'fo + CuL f., + Cu1 ~ + · • · =- ~3 = 0 , 

Cm f, + c,3L ~ + c..,J, ~ + ... = (,3 = 0' 

(3) 

Tenepb MOEHO BapbHpOBaTb C ITO C~ , yqPITHBaH norrOXHR~Mb

HH!l YCJIOmtll (I) R ( 3) , R8X o6wmo , C IIOMOIII!>IO HeorrpenaxeHHHX 

MHOllrnTMei JiarpaiD!ta: 

I{ c-~ [;tc.~., IL- .tf~, /tH -J",_, /z, ---- -/" {o -/'., {o, -... ] = o. 
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()rcXl,ll;a HaxO.IUIM BHpaJKeHmi ,IWI KOa~eHTOB CoL : 

,.M., 'f._ + .)"..., 'f. c.., .. = ) 
:L(E •• ._ -,\) 

C 
- fi,, f.. +/'f.,, Y.' 

111( - I 

:L(cm -)) 
ft6f '1. +fi61 f. 

C.of/; = J ••• 

2-(c._6 -.A) 

C 
_ .;<~ ... ,~ +fiw~ 

'ft:L- I 

:L(Lm. -.tl) 

.fl,., ~ +flu~ 
c6fz. = ----

z(c.u,_ -..\) 

C - /fn y; 
013 -

2-(c.o- >.) 
.#1J Yi. 

' CJ.o"" 2..(c,_13-~) Ao ~ .. · , - } 
J Cvo - 2..( Cm ->.) 

IlO,II;CTa.BJIHJI HX B (3), TIOJIY'iaeM CHCTSMY JIHHel!mx O,Ii,HOpO,II;HllX 

YPaBHeHd Ha ~ 

;

At'!,_'- +flu f. liz f" 

l., .. - ;\ 

)"ot f.. 'f. +jiM~ .r. 

flot ~L + ./"'ff '1.\'v __,M., ~L +flu v." 
-t- + ... 

c .. .,-), !:. -), ..,, 
=0 , 

+ 
_!lz.t 'f: + .J'Itt 'f.. y; .-#u ~ .t. +fl., ~ Y.; 

+ +· .. = 0 ' 
E.,,.._->. c,u_-). c. •• ,_-), 

[ 

)'toy;'-___ + 

c,13-;\ 
.)11~ 'fz_"-

-t 
tJ.n-), 

./f1J 'lv :L 

c. '113 -), 

+ ... = 0 ' 

(4) 

HeTpHBRSHDHOe pemeHHe a.necb MOZST c~ecTBOBaTb, ecn:H on

pe,II;eJll![TeJI:& cl!cTer.m: paBeH HYJm. TB.K TIOJIY'iaeTCH ypaBHeHHe Ha 

A • IIocJtOJibKY cHCTeMa ( 4) Tax :.e , KaK :II ( 3) , cocTo:IIT Ha oT

,II;eJIDHia, He CBII3BHHHX ,I!;pyr C ,II;PYI'OM rpymr YPaBHeHd, TO ee 
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\ 
J 

onpe,II;eHHTanb 6y,neT KMeTb KnSTO~o-~aroHaHbHHH BH,II; K 6y,neT 

paBeH TipOK3B9,II;9HKID onpe,ne~HTe~eR, COOTBeTCTByroml!X ~0~ ITO,II;

CHCTSMe. CJre,I!;OBaTeJil>HO, MOJKHO HaiiTK pemeHHe, npKpaJ3HSIB HYJID 

JIJJ6o:li H3 8THX onpe,neJIKTane:i!. HanpKMep, K3 nepBOH TIO,II;C:IICTSM!i 

TIOJIY'iaeM: 

( 'f._"- 'f: f."- ) 
c..,L-..1 + ~ + ~ ..... 

If. 'f. 
c.,.-~ .,., ... 

'f.,_ 'f.,'- 'f... ) 
(--+-_-+ --+·--

cJ.,.-)1 tu, ..1 tm -). 
f. V'._ 

c., .. -)t 

'ft 'f. 
.: ... -~ 
'f.,~ 

tv,.->. 

'f.. 'f. 

EJ. .. ->. 
f_'fi.L + 'fz:l. -t- ~+")-" 
(f...,.-" c"'1.->. E.,"->. 

f. 'f., 
c.,,-). 

H3 BTOpol TIO,II;CKCTSMH: 

'f."' 

c.,.-). 
If,.. 'f.'-

+ --~--t- -'--+···=0. 
c.m -)t Cw-), 

(5) 

;o 

(6) 

H Tax ,nanee.BonbWHHCTBO nonyqanmHxca onpe,nenHrene"- OeCKOHeqHoro 

paara. Hx MaTpJ!qHHe aneMeHTH ,II;OBOHbHO 6HCTpo y6HBamT C pOCTOM 

HOMepa CTPOKB K CTOH6~a. llOSTOMY MOEHO HaxO,II;KTb ~ C JIJJ6o:li 

CTeneHbD TO~OCTH, o6pe3aH OTipe,II;anBTeJIK. 

HcKOMaH HllltHSiJI I'PB.HmUl aHeprm~ paBHa HaHMeH:&meJIIY aHa'le

HHD A. 3apauee HeHaBecrHo, Kaxoe H3 ypaBHeHHA, (5), (6) HnM 

Kaxoe-nHOO ,npyroe, MM99T CBOHM pemeHHeM HaHM9HbmeeA=fl0 • O~aKO 

r.m: aHaeM, 'lTO pemeHWI ypaBHeHWI (5) HaxO,II;II'l'CH BHIIle c
01

1., pememm 

ypaBHemm (6) - Bllllle c013 , pemeHWI CJie.lJYilnero ypaBHeHWI -

Bllllle E..._! H T.,n. Tax 'lTo, ecn:H A, , Hai.neHHoe :1!3 (5), MeH:&me 

C,013 , TO aa,na-qa pemeHa. ECJIH Jte oHo 6onbme c.,
3 

, TO HYXHO 
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6y~eT cpaBHKBaTb ero c pemeHHeM ypaBHeHRH (6). ECHH o6a STR 

pemeHl!Jl
1
B CBOil O'!epe,$

1 
OKaJKyTCf! Blillle [

023 
, TO npR.JJ;i:iTCf! pemRTb 

R CIIelf.YDilee ypaBHemie. H Tax ~aJiee. .HcHo, 'ITO aT a npo~e~a He 

6eCROHe'!H8., TaR RaK MH He ~OJJllHH TIO,II;HJ!TbCf! BHIDe TO'lliOrD 3HR'le-

mm aHeprm!. 

HeTpy~o YB~eTb, trro onRca.HHHI crroco6 pemeHJI.R: Ba.PRa

~oHHol S~'!R 6es ItaXB:X 6H TO 1m 6wro RsMeReHirl!: pacnpocTpa

HaeTCf! Ha CJI!C'l'eMH c N >it • 

,ll1m N~ f() MH Bl:l'!RCJmJIH O'!'HomeHJI.R: Hl'!m!eli rpronm;Ii c 
R TO'lliOMY SHa'l:eHl'IJO Eo • OHH npRBe~eHI:l B T~e BMecTe c 

a.HaJIOI'I'!'n!lD.Ot OTHOWeHl'tiJMH , KOTOpl:le MO:EHO TIOJIY'lliTb liS pa60'l' 

Kappa R llocTafi,21: 

t./£. = _j_ !V-t ,;;:v . 
v2 N-+f Jl#-f 

PI fi N-f 
Taw :ae !IpJIBe,IJ;eim Jl! OTHOWeHJI.R: CfEo =:t 1'1+

1 
liS pa60'1'~3/ 

' 
Tiony'!eHHI:le ~yrmM MeTo~oM. CpaBHeHRe ~aHHHX noKa3HBaer , trro 

YCOBepmeHCTBOBaHHHI HBMH MeTO~ Kappa Jl! llOCTR ~aeT ~e 

pesyJibTRTH TIPR It'~ 9 • llpx N~ f(} JIY"11Qe pa6oTaeT MeTO~ XOJLIIa. 

Bee CRa3aHHOe ~0 CHX nop OTHOCJI!JIOCb K O~OMepHOMf rap

MOHJI!'qeCKOMY oc~opy. 06o6meHJI!e Ha TpeXMePHYil cxcTeMY c 

TIPORSBOJIDHHM B3SHMO~elcTBJI!eM TPHBHaJibHO. ~ocTaTo'llio TOJIDKO 

3BMeTJI!Tb, trro BO Bcex ypaBHemmx, (5), (6) H T • .IJ., q)lrrypxpym 

BOJIHOBHe IPYH~, KOTOpl:le He paBim eyJilO B eyJie. To xe caMoe 

6y,IJ;eT CIIpaBennBBO H B o6meM CIIY'!ae, T.e. B ypaBHeHHRX 6y~ 

TIOJlBIU:[TbCf! TOJibKo BOJIHOBHe IPYH~ s - cocTQ!ll{Jrit. 
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Eo 

Ta6JU!ua 

0THOilleHIDI HIDKIDDC I'pa.HJIU K TO'I!ruM SHepriDIM ,IT,1I.fi O~OMepHOR 

cHcTeMH N <flepMHOHOB c OCUHJIJIIITOPHHM Bsru!Mo~eiicTBHeM 

"' 2 3 4 5 6 7 8 

3Ta pa6oTa I 0,70 0,7I 0,69 0,7I 0,70 0,7I 

/1,2/ 0,33 0,43 0,49 0,53 0,55 0,57 0,59 

/3/ 0,29 0,43 0,52 0,58 0,62 0,65 0,67 

.IIlnepaTypa 

I. R.J.M. Carr 1 H.R.Post. J.Phys., AI 1 596 !968 • 

2. R.J .u. Carr,H.R.Post.J .Phys. 1 !IQ1 L59 !977 , 

J. R.L. Hall. Proc. Phys. Soc :!l , 16 I967 • 

PyKOTIHCb TIOCTYTIHHa B HS~aT6HbCKH* OT~eH 
IJ ~eKadpa 1977 ro~a. 
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0,70 0,70 

0,60 0,61 

0,69 0,71 
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